In this study, the microstreaming velocity near a plane wall due to microbubble pulsation has been studied. Microbubbles are assumed to pulsate spherically near the wall under the excitation of low amplitude ultrasound. It has been shown an axisymmetric vortex is generated near the wall inducing shear stress on the wall. The shear stress can help facilitate the uptake of drugs and genes in to desired cells through the process called sonoporation.
Introduction
It is well known that in addition to the sinusoidal movement in fluid particles, sound can generate steady vortices in which particles circulate steadily [1, 2] . These vortex motions have been observed experimentally near oscillating gas bubbles resting on a solid surface [3] . The streaming motion of the bubbles exerts shear stress on the boundary. The microstreaming shear due to the pulsation of gas bubbles has been shown as the main mechanism of hemolysis of the red blood cells [4] . It has been shown that microstreaming shear stress can be exploited in thrombolysis, drug delivery and gene therapy. Microstreaming can rupture and increase the permeability of cell membranes (sonoporation) in biological tissues for better passage of therapeutic agents across the vascular barrier and cell membranes [5] [6] [7] . The early theory for microstreaming velocity field and the resultant shear stress has been proposed by Nyborg [2] . Levin and Bjorno studied the maximum shear stress due to hemispherical gas microbubbles resting on biological cells using Nyborg's theory [8] . Doinikov applied Nyborg's theory to find the shear stress on the plane wall induced by the spherical oscillation of contrast microbubble assuming the bubble is detached from the wall [9] . Here, we study the shear stress and the streamlines due to microstreaming near a plane rigid wall generated by spherical pulsation of microbubble numerically.
Governing equation
The early theoretical work on microstreaming has been studied by Nyborg [1, 2] . Nyborg decomposed the velocity, pressure and density of fluid particles around an oscillatory body into a first order and a second order approximations, where the first order approximation is the sinusoidally oscillating velocity and the second order approximation is the streaming velocity. Taking temporal average of the Navier Stokes equation and assuming streaming velocity is steady and solenoidal, he found the following stokes type equation governing the streaming flow by keeping the second order approximation terms: 
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where, (3)), while the no slip condition on the rigid wall is satisfied:
We study the circulatory flow close to the plane rigid wall due to the spherical pulsation of microbubbles. Figure 1 shows the schematic of the problem. The effect of the rigid wall has been accounted for by an image bubble. Equation (4) gives the irrotational local velocity   .
Numerical results
In this study, the microbubble has been excited with an ultrasound wave at excitation frequency of 
Conclusion
In this study, the microstreaming flow near the plane rigid wall has been studied. A microbubble is assumed to pulsate spherically near the wall under the excitation of low amplitude ultrasound. It has been shown that a radial ring vortex is generated near the wall. It gives rise to a shear stress on the wall causing sonoporation which may help drug delivery.
